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THE FLUOROMETRIC ASSAY OF SOIL ENZYMES~ 

INTRODUCTION 
m 

Two f luoromet r ic  assays were investigated: phosphatase and leucy l  amino- 

peptidase (peptidase). I n  general, the enzymic a c t l v i t f e s  were detectable 

a f t e r  shor t  incubat ion times (usua l ly  1, bu t  a t  times 4 hours) and required 

r e l a t i v e l y  small quan t i t i es  o f  s o i l  ( f r o m  10 to 100 mg s o i l  per m I  o f  reac t ion  

mixture). 

The assays were complicated by the n a t i v e  fluorescence o f  s o i l ,  an 

apparent quenching o f  fluorescence by s o i l  i n  the  case of  the  phosphatase 

assay, and the associat ion o f  enzymic a c t i v i t y  w i t h  s o i l  pa r t i c l es .  

THE PHOSPHATASE ASSAY 

The p r i n c i p l e  o f  the assay i s  based upon the hydro lys is  o fd -naph tho l  

phosphate to 4-naphthol and inorganic phosphate. The formation of.&-naphthol 

i s  measured by determining the fluorescence a t  460 mu when s u i t a b l y  t rea ted  

reac t i on  mixtures a re  ac t iva ted  w i t h  336 mu l i g h t .  

I n  practice, fluorescence was measured i n  a Turner model 111 Fluorometer, 

using a Corning 7-60 f i l t e r ,  peaking a t  360 mp, as the source o f  the  e x c i t i n g  

l i gh t ,  and a Wratten 478 f i l t e r ,  peaking a t  436 mp, i n  order t o  i s o l a t e  the 

emit ted 1 ight. 

I n  order t o  screen the  d i s t r i b u t i o n  o f  s o i l  phosphatases, i t  was necessary 

to de f ine  condi t ions so t ha t  the observed phosphatase a c t i v i t y  re f l ec ted  the 

concentrat ion o f  phosphatases i n  the  s o i l .  For these experiments, a reference 

s o i l  was obtained from a c u l t i v a t e d  plot,  a i r  dried, sieved through a coarse 

1. So i l  enzymes are defined as heat l a b i l e  substances ca ta l yz ing  the 
decomposition o f  appropr iate substrates. Thus no d i s t i n c t i o n  i s  made between 
enzymic a c t i v i t y  which ar ises  d i r e c t l y  from bac ter ia  and s o i l  enzymes, e i t h e r  
f ree  o r  attached to s o i l  par t i c les .  Indeed, no d i s t i n c t i o n  i s  made between 

b i o l  og i cal  and ab io1 og i cal  heat 1 ab i 1 e ca t a  1 ys ts. 
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screen, and stored i n  a c 

as LL soi l ,  has been used 
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osed j a r  a t  room temperature. T h i s  so 

over a per iod  o f  18 months, and dur ing 

phosphatase a c t i v i t y  has remained r e l a t i v e l y  constant except f o r  

1, des i gna ted 

tha t  time the 

a small 

decrease i n  a c t i v i t y  which occurred dur ing the f i r s t  few months o f  storage. 

The data obtained i n  these experiments i s  contained i n  Appendix A. For 

comparative purposes, several o ther  s o i l s  have a lso  been included. 

Based upon the data i n  Appendix A, the fo l l ow ing  condi t ions were employed 

i n  assaying s o i l  phosphatases: 10 pmoles o f  6-naphthol phosphate, 200 pmoles 

o f  an appropr iate buffer, and 20 (o r  a t  times 200) mg s o i l  were incubated 

i n  a t o t a l  volume o f  2 m i .  The reac t i on  mixtures, incubated i n  30 m l  beakers, 

were shaken on a ro ta ry  shaker a t  70 excursions per minute a t  room temperature, 

which var ied from 24 t o  2 8 O  C. 

(Qsua l l y  1 hour), the reac t ion  mixtures were centr i fuged f o r  10 minutes a t  

4800 RPM (approximately 3000 x g) on a Serval1 Table Model Centrifuge, using 

the SPX Rotor. 

t o  4 m l .  w i t h  d i s t i l l e d  water and s u f f i c i e n t  1 N sodium hydroxide was added 

so as toe insu re  tha t  the r e s u l t i n g  pH would be 10 o r  greater  (usua l ly  0.2 m i ) .  

Controls, cons is t ing o f  subst rate i n  buffer, and s o i l  i n  buffer, were included 

w i t h  every determination, and the data represents net a c t i v i t y  corrected f o r  

f 1 uorescence a r i s i ng i n the cont ro  1 s. 

A t  the end o f  the desired incubat ion per iod  

Appropriate a l i quo ts  o f  the supernatant f l u i d  were d i l u t e d  

A t o t a l  of  59 s o i l  samples were screened f o r  phosphatase a c t i v i t y .  

They were obtained e i t h e r  by ind iv idua ls  on f i e l d  t r i p s  o r  from the So i l  

Survey Laboratory of the Un ive rs i t y  o f  Cal i fornia,  Berkeley. Since, i n  so 

f a r  as i s  known, no p a r t i c u l a r  precautions were taken t o  c o l l e c t  these samples 

asept ica l ly ,  and t h e  h i s t o r y  o f  these samples i s  not  known a f t e r  co l lect ion,  an 

uncer ta in ty  ex is ts  as t o  how much o f  the observed phosphatase a c t i v i t y  i s  

endogenous and how much represents exogenous a c t i v i t y .  

s o i l s  i s  l i s t e d  i n  Appendix 6. 

The sources o f  these 

8- '.' 
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A summary o f  the net  phosphatase a c t i v i t y  o f  the s o i l  samples i s  present-d 

i n  Appendix C. There i s  no c o r r e l a t i o n  between the pH o f  the s o i l  (as determined 

i n  a 1% suspension of s o i l  I n  d i s t i l l e d  water) and the pH a t  which the 

phosphatase a c t i v l  t y  occurs. 

when assayed a t  pH 7 . 6 ;  9 5 2 o f  the s o i  Is exh ib i  ted phosphatase a c t i v i t y  when 

assayed a t  pH 5.6. 

buffer, bu t  d i d  so when assayed i n  d i s t i l l e d  water. 

phosphatase a c t i v i t y  was less when the assay was c a r r i e d  ou t  i n  d i s t i l l e d  

water as compared t o  when the assay was c a r r i e d  o u t  i n  a bu f fe r .  That t h i s  

may involve more than a pH e f fec t  i s  suggested i n  tha t  many cases the pH o f  

soi l -water suspensions was not too f a r  removed f r o m  the pH o f  the  bu f fe red  

reac t  ion mixtures. 

greater  

86zof the s o i l s  exh ib i ted  phosphatase a c t i v i t y  

3% f a i l e d  to e x h i b i t  phosphatase a c t i v i t y  i n  e i t h e r  

I n  75x o f  the cases, 

In  summary, there appear to be two kinds o f  phosphatase a c t i v i t y  i n  

s o i l :  

which i s  more a c t i v e  i n  an a c i d i c  environment. The pH o f  the s o i l  does not 

guaranty which o f  the t w o  kinds o f  phosphatase a c t i v i t y  w i l l  be present. 

Buf fe rs  enhance phosphatase a c t i v i t y  i n  a way which suggests t h a t  t h e i r  r o l e  

may be more than tha t  o f  s t a b i l i z i n g  pH. 

one which e x h i b i t s  maximum a c t i v i t y  i n  an a l k a l i n e  environment and one 

The phosphatase assays were complicated by the presence of  a "blank" 

fluorescence associated w i t h  the s o i l .  In order  t o  asce r ta in  the d i s t r i b u t i o n  

o f  t h i s  s o i l  fluorescence, a number o f  s o i l  samples were examined for n a t i v e  

fluorescence. In  a d d i t i o n  to determining the na t i ve  fluorescence a t  the 

e x c i t a t i o n  and emission wavelengths c h a r a c t e r i s t i c  o f  &-naphthol, the 

fluorescence o f  the s o i l  samples was a lso  determined a t  the e x c i t a t i o n  and 

emission wavelengths cha rac te r i s t i c  o f  f luorescein.  The data i s  presented i n  

Appendix D. 
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The background f luorescence of  s o i l  a t  t h e  &-naphthol wavelengths i s  

frola a;.)out 1 t o  2 orders  of ,napitucie g r e a t e r  than t h e  f luo rescence  observed 

a t  t h e  f l u o r e s c e i n  wavelengths. There was no d i r e c t  c o r r e l a t i o n  between t h e  

phosphahase a c t i v i t y  of a s o i l  and the background f luorescence.  

s u r p r i s i n g  i n  that one might p r e d i s t  t h a t  s o i l s  containing high phosphatase 

l e v e l s  would contain r e l a t i v e l y  l a r g e  b a c t e r i a l  popu la t ions ,  and t h a t  high 

l e v e l s  of organic  material, which would be expected to  c o n t r i b u t e  t o  s o i l  

f l uo rescence ,  would be a s s o c i a t e d  with t h e s e  condi t ions.  

Th i s  i s  

Coi,iparing the  n a t i v e  s o i l  f l uo rescence  a t  336 t r p  a c t i v a t i o n  - 460 m ) ~  emission 

with t h e  f irst  hour of s o i l  phosphatase a c t i v i t y ,  t h e  background f luo rescence  

t u r n s  o u t  t o  be equivalent  t o  about 5,$ of t h e  n e t  s o i l  phosphatase ac t iv i ty .  

Assumnirig t h a t  t h e s e  soils contain approximately lod b a c t e r i a  p e r  gram, then t h e  

background f luorescence of a 10  mg soil sample i s  equ iva len t  t o  t h e  f irst  hour 

a c t i v i t y  of from lo4  t o  105 b a c t e r i a .  

h r i n g  t h e  preliminary s t u d i e s  on t h e  phosphatase assay,  soils were 

observed t o  "adsorb1' &-naphthol. This e f f e c t  was p a r t i c u l a r l y  n o t i c e a b l e  

when a l k a l i n e  s o i l s  were employed. 

phosphatase i n h i b i t o r s ,  s e v e r a l  were observed t o  quench t h e  f luo rescence  of 

Nhile screening a number of i o n s  as 

&-naphthol. The a u i l i t y  of a number of substances t o  quench t h e  f luo rescence  

of K-naphthol  was f u r t h e r  i n v e s t i g a t e d .  

s u r p r i s i n g .  

e f fec t  upon&-naphthol f luo rescence ,  enhanced f luo rescence  a t  a concen t r a t ion  

of 5 x 10-3 41 and quenched a t  5 x 

high as 2.5 i4 (15 w/v) was without  effect .  

quenched a t  5 x 10-4 ri. 

concen t r a t ions ;  a t  5 x 10-5 14, a 5O$ i n h i b i t i o n  of f luorescence was observed. 

'The data (Appendix E) proved r a t h e r  

Thus mg (+2), which a t  concen t r a t ions  l e s s  than 5 x 10-3 had no 

II. Na (+l), a t  concen t r a t ions  as 

Fe ( + 3 ) ,  i b  (+2), and IIg (+2) 

Co (+2) quenched f luo rescence  a t  extremely low 

. 
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The data w i t h  Co (+?) was complicated by the s t rong absorpt ion o f  Co which 

occurred i n  the reg ion  of  4-naphthol fluorescence. These in te rac t ions  o f  ions 

w i t h  K-naphthol fluorescence were not f u r the r  investigated. However, i t  i s  

tempting to speculate tha t  the quenching of &-naphthol f luorescence by s o i l  

and the bu f fe r  enh3ncement o f  phosphatase a c t i v i t y  may be re la ted  to the ion  

e f fec ts .  

As p rev ious ly  mentioned i n  Appendix A, the r a t e  o f  phosphatase a c t i v i t y  

could be enhanced by shaking react ion mixtures. This  suggested tha t  s o i l  

phosphatases were attached t o  s o i l  p a r t i c l e s  and tha t  shaking l e d  to more 

in t imate  contact between substrate and phosphatase. 

I n  an attempt t o  fu r the r  i nves t i ga te  t h i s  problem, the fo l l ow ing  

experiment was c a r r i e d  out. S o i l  was separated i n t o  two f rac t ions :  a " so i l  

supernatant" f r a c t i o n  and a "residual s o i l "  f rac t i on .  This  f r a t t i o n a t i o n  

presumably separated the phosphatases associated w i t h  s o i l  p a r t i c l e s  f r o m  

those which were " f ree f loating". 

a c t i v i t y ;  the data i s  presented i n  Appendix F. 

Both f rac t i ons  were assayed for phosphatase 

A t o t a l  o f  f i v e  s o i l s  were examined. Essen t ia l l y  a l l  the a c t i v i t y  

associated w i t h  s o i l  could be accounted f o r  i n  the res idual  s o i l  f r ac t i on .  

The a c t i v i t y  o f  the s o i l  supernatant f r a c t i o n  amounted t o  about lObJ,of the t o t a l  

sol1 a c t i v i t y .  As w i l l  be described subsequently, analogous r e s u l t s  were 

obtained w i t h  the peptidase assay. 

The data c l e a r l y  locates the s i t e  o f  s o i l  phosphatase a c t i v i t y  as 

being associated w i t h  the residual s o i l  f rac t ion .  Whether the res idua l  s o i l  

a c t i v i t y  represents adsorbed enzyme, a c t i v i t y  a r i s i n g  from enzymes associated 

w i t h  bac te r ia  per se, or  a combination o f  both p o s s i b i l i t i e s  i s  uncertain. 

The f a i l u r e  to detect  s i g n i f i c a n t  l e v e l s  o f  phosphatase a c t i v i t y  i n  s o i l  

supernatant f rac t i ons  suggests the fo l l ow ing  a l t e r n a t e  p o s s i b i l i t i e s ;  

(1 )  the assay may not be as s e n s i t i v e  as supposed s ince d i r e c t  \ 

counts o f  the supernatant f r a c t i o n  y i e l d s  b a c t e r i a l  populat ions o f  the ordes 
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of  10 7 per ml o f  reac t ion  mixture (see Appendix F, Table 2).  

(2)  the organisms I n  the s o i l  supernatant do not possess phosphatases 

and are d i f f e r e n t  than those i n  the res idual  s o i l .  

( 3 )  

( 1 4 )  t.he phosphatase a c t i v i t y  o f  the res idual  s o i l  represents not 

on ly  attached bacter ia  but considerable f r e e  enzyme adsorbed t o  c l a y  f ract ions,  

the accumulated enzyme h i s t o r y  o f  t ha t  so i l ,  and i s  h igh because o f  the 

accumulated h igh leve l  o f  enzyme assoclated w i t h  the f rac t i on .  

on l y  a smal l  percentage o f  the f ree f l o a t i n g  bac te r ia  a re  l i v i n g .  

Conclusions ( I ) ,  (2), and ( 4 )  suggest t ha t  the assay i s  not a sens i t i ve  

one i n  the sense tha t  i t  can detect  small bac te r ia l  populat ions over 

r e l a t i v e l y  shor t  periods of time. 

f a l l a c y  o f  using d i r e c t  counts i n  order t o  determine the bac te r ia l  populat ions i n  

s o i l  so as to  reduce a c t i v i t y  from change per mg o f  s o i l  t o  change per bacterium 

( the  prev ious ly  used CML u n i t ) .  

the f r e e  f l o a t i n g  mater ia l  may not  concentrate the b i o l o g i c a l l y  i n t e r e s t i n g  

Conclusion (3) c l e a r l y  po in ts  ou t  the 

Conclusion ( 3 )  a lso  suggests tha t  concentrat ing 

mater ia l .  

THE PEPTIDASE ASSAY 

The presence o f  s o i l  aminopeptidases 

naphthylamide as the substrate. The hydro 

/-naphthylamine which f luoresces a t  420 mp 

was assayed us i ng L-1 eucyl-8- 

ys i s  o f  the subst rate y ie lds  

and possesses two a c t i v a t i o n  maxima: 

310 m p  and 70 mp. 

the a d d i t i o n  of sodium hydroxide: 

w i t h  h a l f  maximum fluorescence occurr ing a t  approximately pH 4 .  

Unl ikeoC-naphthol, !-naphthylamine f luoresced wi thout  

maximum fluorescence occurred a t  pH 7 

Prel iminary experiments, using LL so i l ,  were ca r r i ed  ou t  i n  order  t o  

determine those condi t ions which would r e s u l t  i n  assays where the r a t e  o f  

peptidase a c t i v i t y  re f l ec ted  the enzyme content o f  the s o i l .  

were not too d i f f e r e n t  from those employed i n  the phosphatase assay (Appendix C). 

These condi t ions 
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Thus, the maximum r a t e  o f  peptidase a c t i v i t y  occurred a t  pH 8 and a t  a substr.:te 

concentrat ion o f  approximately 0.001 M. The r a t e  was propor t ional  t o  the 

quant i t y  o f  added s o i l  from 0 t o  100 mgs o f  s o i l  per m l .  Thus, a t y p i c a l  

reac t ion  mixture used i n  a peptidase assay contained the fo l low ing  addi t ions 

i n  a t o t a l  volume o f  2 m l :  

buffer, pH 8, and from 20 t o  200 mg o f  so i l .  The reac t ion  mixtures were 

incubated and subsequently treated i n  the same manner as were the phosphatase 

reac t ion  mixtures except t h a t  no sodium hydroxide was added t o  the di luted, 

cent r i fuged reac t ion  mixtures. Appropriate cont ro ls  were run, and a l l  data 

represents net  f 1 uorescence a f t e r  cor rec t  i on  f o r  f 1 uorescence a r  i s  1 ng i n the 

con t ro 1 tubes . 

2 p m l e s  L-leucyl-f-naphthylamide, 200 poles T r i s  

T h i r t y - f i v e  s o i l s  were surveyed f o r  peptidase a c t i v i t y .  These were 

the same ones t h a t  were employed i n  the phosphatase assay. A summary of the 

data i s  presented i n  Appendix H. O f  the 3’3 s o i l s  examined, 3 d i d  not e x h i b i t  

peptidase a c t i v i t y ;  2 o f  these i n a c t i v e  s o i l s  (I and S4) were low i n  phosphatase 

a c t i v i t y .  

a c t i v i t y ;  3 o f  these s o i l s  contained about the same leve l  o f  phosphatase 

a c t i v i t y  as LL s o i l .  

var ied from about 3 3 o f  the phosphatase a c t i v i t y  o f  the s o i l  t o  peptidase 

a c t i v i t y  which was equal to the phosphatase a c t i v i t y .  However, the average 

peptidase a c t i v i t y  was about 20% o f  the phosphatase a c t i v i t y .  

c o r r e l a t i o n  between phosphatase and peptidase a c t i v i t y  was ra ther  extreme so 

t h a t  i t  proved d i f f i c u l t  t o  p red ic t  from the phosphatase a c t i v i t y  j u s t  what 

the peptidase a c t i v i t y  would be. For example, s o i l s  A and 8 which d i f f e r e d  

by a f a c t o r  of  approximately 4 w i t h  respect t o  t h e i r  leve ls  o f  phosphatase 

a c t i v i t y  exh ib i ted  e s s e n t i a l l y  i d e n t i c a l  leve ls  o f  peptidase a c t i v i t y .  S o i l s  

LL and N, which contained about the same l e v e l s  o f  phosphatase a c t i v i t y  

Four s o i l s  exhib i ted greater peptidase a c t i v i t y  than phosphatase 

The peptidase a c t i v i t y  of  the remaining s o i l  samples 

The lack o f  

. 



d i f f e r e d  by a fac to r  o f  approximate 

This l ack  o f  c o r r e l a t i o n  i s  not too 

per  hour 

problem 

example, 

was equa 

8 .. 

Ii 
y 8 i n  t h e i r  l e v e l s  o f  peptidase a c t i v i t y .  

surpr is ing,  and suggests that :  the two 

enzymes are  not  necessar i ly  associated w i t h  the  same microorganisms; the 

n u t r i t i o n a l  d i f ferences i n  the s o i l s  a re  such so as t o  r e s u l t  i n  d i f f e r e n t i a l  

product ion o f  these two enzymes; the enzymes may have d i f f e r e n t  substrate 

s p e c i f i c i t i e s ;  the substrate s p e c i f i c i t i e s  may be the same but  the enzymes 

may d i f f e r  i n  turnover numbers. 

As i n  the case of  the phosphatase assay, the peptidase assay was plagued 

by the presence o f  a r e l a t i v e l y  h igh  fluorescence associated w i t h  s o i l .  

However, unl i k e  <-naphthol, fl-naphthylamine was not  ”adsorbed” by s o i  1. 

The substrate exh ib i t ed  about the same s t a b i l i t y  i n  s o l u t i o n  as d i d  

d-naphthol phosphate. 

was incubated a t  room temperature a t  pH 6, approximately 0.009 mpmole decomposed 

Thus, when s t e r i l e  L-leucyl-p-naphthylamide (0.2 pmoles) 

(O.OO~+’jqbper hour). 

n the case o f  s o i l s  having l o w  l eve l s  o f  peptidase a c t i v i t y .  For 

i n  the case o f  s o i l s  S3, S5, and Sg, the non-enzymic r a t e  o f  hydro lys is  

Th i s represented a s i gni f i cant background 

to about 18% o f  the ne t  peptidase a c t i v i t y .  I n  the case of  s o i l  E, 

which was the most a c t i v e  so i l ,  the r a t e  o f  non-enzymic hydro lys is  was about 

0.152 o f  the net  a c t i v i t y .  However, the s t a b i l i t y  data was equivocal, and 

these numbers should be looked a t  as f i r s t  approximations. 

Three organisms were assayed for pepttdase a c t i v i t y .  As ind ica ted  i n  

Appendix J, peptidase a c t i v i t y  was detected i n  a l l  the organisms, although the 

BS-19 s t r a i n  o f  B. s u b t i l i s  was r e l a t i v e l y  low i n  a c t i v i t y .  These s tud ies were 

c a r r i e d  ou t  i n  a medium which was favorable for the expression o f  enzyme a c t i v i t y .  

What l e v e l s  could be expected i n  a syn the t i c  medium containing no conceivable 

peptidase substrates (e.g., a mineral s a l t s  and sugar medium) i s  not  known, 

bu t  would be worthy o f  i nves t i ga t i on  so as t o  es tab l i sh  some basal l eve l  o f  

enzyme a c t i v i t y .  
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i n  summary, the peptidase assay, although less sens i t i ve  than the 

phosphatase assay, would appear t o  be a r e l a t i v e l y  good candidate as an 

a n c i l l a r y  l i f e  detect ion assay, and warrants f u r t h e r  invest igat ion.  It 

should be noted that  a c t i v a t i o n  and f luorescent f i l t e r s  were used i n  these 

measurements w i t h  maxima a t  365 m p  and 435 m p  

the peptidase a c t i v i t y  by an amount less than 10% and does not take into 

account a c t i v a t i o n  a t  310 m p  which would g ive  over 130% increase I n  s e n s i t i v i t y .  

This r e s u l t s  i n  underestimating 

The problem o f  soil fluorescence may be amenable to s o l u t i o n  by using 

f luorogenic peptidase substrates i n  which the f l u o r  i s  ac t i va ted  i n  the v i s i b l e  

regions o f  the spectrum. 

ment such as acr id ine- type dyes. 

There are a number o f  dyes which meet t h i s  require- 

The advantages o f  the peptidase assay compared to the phosphatase assay, 

a t  the present stage of  development, are that: the fluor i s  not adsorbed by 

s o i l ;  the f l u o r  f luoresces maximally a t  the pH of the reac t ion  mixture, and 

i n  fact, f luoresces maximally f r o m  pH 6 t o  pH 10. This, coupled w i t h  the 

apparent pH s e n s i t i v i t y  o f  the enzyme, suggests t h a t  b i o l o g i c a l  nature o f  the 

reac t ion  may be tested merely by increasing the hydrogen ion  concentration. 

For example, peptidase a c t i v i t y  was completely i n h i b i t e d  a t  pH 5, although 

the fluorescence of  p-naphthylamine was reduced about 152 a t  t h a t  pH. 



Appendix A 

Factors In f luencing the Rate o f  Phosphatase A c t i v i t y  

F lq.  1: The E f f e c t  of PH 

The fo l l ow ing  addi t ions were made up t o  a t o t a l  volume o f  2 m l :  

200 p o l e s  o f  T r i s  acetate b u f f e r  a t  the 

The reac t i on  mixtures were 

10 p o l e s  d-naphthol phosphate; 

desired pH; and 20 mgs o f  so i l .  

shaken a t  room temperature (24-28O C)  f o r  1 hour, centrifuged, and the 

supernatants d i l u t e d  1:4 w i t h  d i s t i l l e d  water. 

t o  the d i l u t e d  supernatants and A-naphthol was determined f l u o r i m e t r i c a l l y .  

0.2 m l  1 N NaOH was added 

Fiq. 2: The E f f e c t  o f  Substrate Concentration 

A l l  condit ions were ident ica l  as i n  Figure 1, except the subst rate 

concentrat ion was var ied and a l l  r eac t i on  mixtures were buf fered a t  pH 7.6. 

Fiq. 3: The E f f e c t  o f  So i l  Concentration 

A l l  condi t ions ident ica l  as i n  Figure 1 

was var ied  and the reac t ion  mixtures bu f fe red  a t  

Fiq. 4: The E f f e c t  o f  Time 

A l l  condi t ions ident ica l  as i n  Figure 1 

mixtures were buf fered a t  pH 7.6 and allowed t o  

time per ods. 

except the s o i l  concentrat ion 

pH 7.6. 

except that  the reac t ion  

ncubate f o r  the ind ica ted  

, 

4 
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TABLE I 

The E f f e c t  o f  Tempcrsture Upm Rate o f  So i l  Phosphatase A c t i v i t y  

Cond i t ions d- N (mpM/ml / l  u) 
Temperature ( C )  

4 9 28 38 50 

Complete 5.3 5.3 7.7 10.3 18.1 

- s o i l  3.2 3.4 3 .4  3.9 4.6 

b ( i n  mpM/ml) +1.4 +1.2 +3*7 +5* 5 +12.4 

Conditions: The fo l l ow ing  addi t ions were incubated i n  a t o t a l  

volume o f  2 m l :  d-naphtholphosphate 10 pmoles; 

T r i s  HCl, pH 7.6, 200 pll, soi  1 #LL 20 mg. The 

reac t ion  mixtures were incubated for 1 hour a t  

the ind icated temperatures i n  screwcap tubes 

wi thout  shaking. 



TABLE I I  

. .  
I, 

The E f f e c t  o f  Ternpcrature Upon So i l  Phosphatase A c t i v i t y  - 
Survey o f  Soils 

Soi 1 

A 

B 

A d-N (mpM/ml/lu) 
Temperature ( C )  

24 50 

+ 7.6 +23.4 

+ 3.1 + 6.9 

L 0 + 3.7 

' 8  + 1.7 + 2.3 

+ 1.4 + 5.9 

Conditions: The f o l l o w i n g  addi t ions were incubated i n  a t o t a l  

volume o f  2 ml: d-naphtholphosphate I O  pmoles; 

T r l s  HCI, pH 7.6, 200 p o l e s ,  s o i l ,  20 mg. The 

reac t ion  mixtures were incubated a t  room temperature 

i n  screwcap tubes wi thout  shaking. Incubat ion time: 

s o i l s  A, 8, L and TI, 1 hour; soil S8, 4 hours. The 

data represents net change a f t e r  c o r r e c t i o n  for 

f luorescence a r i s i n g  i n  the cont ro l  tubes. 

I 
c 



TABLd I11 

The Zffect  of Shaking Upon iiate of S o i l  Phosphatase Ac t iv i ty  
l -  

Ekpt. Yo. 

1 

2 

3 

Average 

+8 d N (y'"/la.) 

Conditions 

S e s s i l e  Shaking 

2.0 3.0 

2.0 3.1 

2.7 3.0 

+2.2 +3.0 

Conditions: The following add i t ions  were incubated in a t o t a l  

volume of 2 ml: c(haphtho1phosphate 1 0 p o l e s ;  

T r i s  HC1, pH 7.6, 200pmoles;  s o i l  %U 20 mg. 

Incubation t ime was 1 hour a t  room temperature. 

The da ta  represents  n e t  change after co r rec t ion  

f o r  f luorescence a r i s i n g  i n  t h e  c o n t r o l  tubes. 



4 

TABLE I V  

S t e r i l i z a t i o n  o f  Reagents Upon the  S t a b i l i t y  -I - # . r  . ine t t t e c t  ot  

Expt. No. 

1 

2 

3 

Average 

Condi t ions : 

o f  a(-Naphthol phospha te  

mpM 4-naphthol i n  <-naphthol phosphate 

Zero Time A f t e r  1 hour 

S t e r  i l e  Contaminated 

6 - 3  6.1 6.4 

6.4 6.5 6.8 

6.3 6 -  3 7.0 
* 

6.3 6.3 6 -7  

The fo l l ow ing  add i t ions  were incubated i n  t o t a l  volume 

o f  2 m l :  d-naphtholphosphate 10 pmoles, T r i s .  HCI, 

pH 7.6, 200 pmoles. The reac t i on  mixtures were incubated 

fo r  1 hour a t  room temperature 

phosphate was s t e r i l i z e d  by f i  

bac te r ia l  f i l t e r .  The s t e r i l e  

s t e r i l i z e d  screwcap tubes; the 

incubated i n  screwcap tubes wh 

wi thout  shaking. d -naphtho l -  

t r a t i o n  through a Morton 

samples were incubated i n  

contaminated samples were 

ch had not been s t e r i  1 ized. 
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Appendix 8 

KEY TO SOIL SAMPLES OBTAINED FROM SOIL SURVEY LABS, UNIVERSITY OF CALIFORNIA 

(Key prepared by E. Packer) 

Code No. 

T i  

T2 

T3 
T4 

T5 

T6 

T7 
T8 

T9 

T10 

T11 

T l 2  

T13 

T14 

T I5  

T I7  

T18 

T I 9  

T20 

T2 1 

T22 

T23 

T24 

T25 

~ 2 6  

T27 

~ 1 6  

Soi l  Series of Ca l i fo rn ia  Formation and Character ist ics 
Key for I den t i f i ca t i on  - Pedological C lass i f i ca t i on  

County 

G1 enn 

G1 enn 

GI enn 

G1 enn 

Tehama 

Tehama 

Tehama 

Tehama 

Tehama 

Tehama 

Tehama 

Tehama 

Lake 

Lake 

Lake 

Lake 

Lake 

Lake 

Lake 

Lake 

Lake 

Lake 

Shas ta  

Shas ta  

Shasta 

Shas ta  

Year - 
'58 
' 58 
'58 
'58 
'58 
'58 
'58 
'58  
'58 
'58 

'58 
'58 
' 5 4  
'54 
' 5 4  
' 54  
' 5 4  
' 5 4  
' 9+ 
' 5 4  
' 5 4  
' 5 4  
'61 
60 

161 
'61 

Depth Typc 

0-9" 

0-8" 
0-5" 
0-911 
0- 1 " 

0- I 'I 

0- 1 ' I  

0-718 

0- 311 
0-1'' 

0-511 

0- 1 .5" 
0-8" 
0-4" 

0-4'' 

0-6" 

0-311 

0-711 

0-511 

0-311 
0- 51 1 

0- 311 
0- 1 ' I  

0-7'' 

0-2'' 

0-4'' 



I 

KEY TO SOIL SAMPLES (continued) 

Code No. 

~ 2 8  

T29 
T3O 

T3 1 

T32 

T33 
T34 
T35 
T36 
f37 
T38 
T39 
T40 

T4 1 

T42 

T43 
T44 

. 

County 

Humbol dt  

Humbol d t  

Fresno-Si e r ra  

Fresno-Sierra 

E .  Fresno 

E .  Fresno 

E. Fresno 

E. Fresno 

E.  Fresno 

E. Fresno 

E. Fresno 

Fresno 

Humbol d t  

Glenn 

Tehama 

A1 ameda 

Year - 
I 60 
60 

' 59 
I 59 
58 

'58 
'58 
'58 
58 
58 

'59 

55 
' 56  
'56  

--.. 

Depth Type 
0- 1.5" 
0- 10" 

0-2" 

0- 1 ' I  

0-3/4" 
0-4" 

0-4" 

0-2" 

0-511 
0- 3'' 
0- 31 1 

--- 
0-8" 

0-2" 



c 

0 

So i l s  Data 

I I  A. Col lected 7/13/62. Grey hard pan from h i l l s i d e  near beach a t  San 
Gregorio. Cal i forn ia .  This s o i l  i s  hard and compact where 
sampled. Rather c l a y l i k e  i n  texture, supported no vegetation. 
Old code 12 - 5/13 

I I  B. Col lected 5/13/62. Brownish loam from ar t ichoke f i e l d  under c u l t i v a t i o n .  
Col lected under end around p lants .  This s o i l  appeared t o  be we l l  
drained. F i e l d  l i e s  across highway 1 from beach a t  San Gregorio. 
Old code 9 - 3/13 

1 L  C. Col lected 5/13/62. This s o i l  o f  a hard grey b lack desc r ip t i on  came from 
a f i e l d  by the side o f  the road t o  the beach from the town o f  
San Gregorio. 
grasses. 

I t supported a heavy cover o f  f o x t a i l s  and o ther  
Old code 8 - 3/13. 

I I  D. Col lected 5/13/62. Soi ls  taken beneath con i fe r  by roadside on road t o  
Sky l ine (La Honda Road). This s o i l  should have a low pH. Taken 
from about 2/3 o f  the way up t o  Sky l ine Blvd. Old code 5 - 5/13 

I I  E. Col lected 5/13/62. T h i s  s o i l  taken from creek bed a t  mouth of rusted 
d r a i n  p ipe  on Stanford campus, 1 b lock from Mayf ie ld  on Frenchmen's 
road across from Frank L loyd Wright house. This s o i l  has a very 
h igh  Fe20g content and appears reddish brown. 
was saturated w i t h  water. Old code 1 - 3/13. 

Where co l l ec ted  

I I F. Col lected 5/13/62. This soi  1, a ye1 lowish-orange c lay  was co l l ec ted  
from a road s ide  bank on the ascent t o  Sky l ine Blvd. 
from Palo A l to ) .  Old code 4 - 5/13 

(Highway 84 

l l  G. Col lected 5/13/62. This s o i l  was a w h i t i s h  hard pan co l l ec ted  from a 
h i l l s i d e  near beach a t  San Gregorio. Very s i m i l a r  t o  I I  A, 
but  o f  a l i g h t e r  color.  Old code I I  - 3/13 

I I  H. Col lected 5/13/62. On Frenchmen's Road. 1 b lock from Mayf ie ld  on 
Stanfore campus. Across road from I I  E. This s o i l  i s  a weathered, 
decomposed Ozonite, a c l a y l i k e  sand. and showed no evidence o f  
support ing any vegetation. Old code 2 - 5/13. 

I I  I. Col lected 5/13/62. This  i s  sand from the non supra t ida l  or h igh  i n t e r t i d a l  
zone o f  the beach near San Gregorio. C a l i f .  Old code 10 - 5/13 

I I  J .  Col lected 5/20/62. This sample comes from a vineyard under c u l t i v a t i o n  
i n  San Martin, Cal i f .  May have Cu++ from sprays. A gray ish 
brown s o i l .  Old code 3 - 3/20 

I I  K.  Col lected 5120162. Taken from raspberry orchard under i r r e g a t i o n  i n  
San Mart in. So i l  type s i m i l a r  to It J. Old code 4 - 3/20 

I I  L. Col lected 5/20/62. This mater ia l  i s  the mud i n  contact  w i t h  the b r ine  
o f  an evaporation bas in o f  the Lesl i e  Sal t Co., Harbor Road, 
Redwood C i t y .  Ca l i f .  Brine. a l so  co l l ec ted  near s i t e  was p ink  
and contained br ine  shrimp. Old code 1 - 7/20 



I1 M. Col lected 5,  

Soi 1s Data (continued) 

3/62. Taken a t  h s t o r i c a l  marker 478, Old M i l  (LaHonda 
Road) from a bank by roadside, under Eucalyptus tree. Therefore, 
s o i l s  should be charged w i t h  the essent ia l  o i l s  o f  the Eucalyptus. 
Old code 3 - 5/13. 

I I  N. Col lected 5/20/62. This  s o i l  cons is ts  o f  d i r t  and t a i l i n g s  from mercury 
mine i n  t h i s  area. However, t h i s  was not taken from t a i l i n g  p i l e s  
d i rec t l y ,  but  from a p i l e  by a house. However, there should be 
some Hy i n  s o i l .  Taken from Tobar property.  Old code 5 - 3/20. 
New Almaden, Cal i f .  

iI 0. Col lected 3/13/62. Bank on roadside, a f t e r  Woodhaven Camp t u r n o f f  on 
Highway 84 from Skyl ine toward La Honda. 
weathered, exposed, decomposed grani te. Across road from Bulocco 
residence. Old code 7 - 7/13 

This sample i s  a 

I I  P. Col lected 5/13/62. Taken from roadside bank j u s t  past  Sky l ine and before 
Woodhaven on Highway 811. 
s o i l .  Old code 6 - 5/13. 

Another decomposed weathered g r a n i t e  

I I Q. Col lected 5/20/62. Algel  scum from impoundment neighboring evaporat ion 
basin o f  I I  L. Water was clear, no evidence o f  shrimp or 
reddish co lor .  May be p a r t l y  r a i n  water ra ther  than br ine.  Old 
code 2 - 5/20. 



I I 
I .  

. .  

LL 

FA 

HDC - Mohave Desert soil from China Lake o b t a i n e d  7/27/62 from S o f f e n  (JPL). 

S i 3  - Sand from Thermal, C a l i f o r n i a  ("anc ien t  sea sand") o b t a i n e d  from S o f f e n  

- Lane L i b r a r y  a i r  d r i e d  c o l l e c t e d  i n  1961 by Packer 

- Fresno Black a l k a l i  s o i l  c o l l e c t e d  i n  t h e  1930ls  by C.F. Shaw 

(JPL) 7/19/62 

GH1 - AC f i n e  (Lundgren, General Mills, see le t ter  7/24/62) 

GtQ - AC c o u r s e  (Lundgren, General H i l l s ,  see l e t t e r  7/24/62) 

GM3 - NBS Fly Ash (Lundgren, General Mi l l s ,  see le t ter  7/24/62) 



Sand Samples from Dr .  Lederberg 

S-1 Owens Valley 

S - 2  Panament Dry Lake 

S - 3  Devi Is' Go1 f Course - s a l t  pan 

S-4 Sal t  pan near Golden Canyon. No vegetation 7500 feet, Death Val ley 

S - 5  Rubble near F.C. 1 m - s a l t  marsh 

S-8 Death Valley - Meadow near Dante View 

$1-9 Death Valley - Dunes roots 

S - 1 0  Death Valley - Dunes surface 

S - 1 1  Death Valley - Dunes - 1-3 b c h e s  

S-12 Death Valley - Dunes - 6-l? inches 

. 
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soi 1 

LL 

A 

B 

C 

D 

E 
F 
G 
H 

I 

J 

K 

L 

H 
N 

0 

P 

53 
54 

s5 
s0 

s9 
s10 

%2 

1 

3 

Appendix C 

TABLE V 

The Dis t r ibut ion  o f  Phosphatase In S o i l s  

PH +bdN (mf l /hr . / lO mgs. soi l )  

i n  T. H C I  i n  NaAc/HAc I n  H20 

3.0 
11.7 
2.8 

63.0 

9- 2 

3.0 
3- 0 
6.4 

0.5 
16.5 

6.5 
0.9 

17.4 

3-9 
5.9 
0 - 5  
0.1 

0.4 

0.02 

1 .o 
4.2 

0.4 
10.6 

2.9 
2.0 

6.1 
0.2 

3.7 
1.4 
4.6 
1.4 
1.2 

5-3 
2.1 

1.2 

4 . 0  

- 
0.9 

0- 3 
0 . 3  
0.3 
0.1 

2.0 

0.03 

0.3 
5.9 

3 -4  
2.5 
3-0 
2.2 

1 

- 
1 . 1  

2.7 
0.7 
1 .o 
3-6 
2.0 
1.6 

0.3 
0.3 
0.5 
0.5 
0.3  
0.6 
0.4 
0.1 

0.6 

0.05 



TABLE V (Cont i nued) 

Soi 1 

Tl 

T2 

T3 
T4 

5 T 

T6 

T8 
T7 

T9 
l10 

T1 1 

T12 

3 
4 

5 
T16 
T17 
T I R  

T19 
T20 

T2 1 

T22 

T2 3 

T25 
T26 
T27 

T30 
T31 

T24 

T28 

T29 

MDC 

I) 

PH 

7.3 
7.1 
6.9 
8.6 
6.6 
6.8 
7 -  1 
6.6 

6.7 
6.6 
6.1 

6.3 
6.4 
6.2 
6.2 

6.5 
6.2 
6.4 

6 -  5 
6 -  5 
6.5 
6.5 
6 -  5 
6.5 
6.3 
6.3 
6.5 
6.4 

6.3 
6.2 
6.2 
- 

+ A d N  (wM/hr.  / l o  mgs. SO; 1 ) 

i n  1. HCl i n  NaAc/HAc l n  %O 

3.9 
4.7 

14.5 
1.2 

16.0 

13.3 
11.4 

20.3 

13.3 

10.7 

35* 1 

7.2 
2.9 

I 5.2 
11.6 

3.3 
21 .o 
6.2 

19.2 
19.2 

7.8 
8.7 
6.2 

21.7 

14.0 

0.8 
11.2 

10.0 

2.8 

23.3 
8.0 

0.6 

0.7 
1 . 1  

2.5 
1.2 

14.2 

5.4 
30 1 

8.9 
6. I 

7.6 
7 -  0 

9.6 
0 . 3  
4.5 
3-4 
3 -9  
5- 4 
6.5 

3.4 
3* 4 
7-  2 

4.9 
5- 7 
2.7 
1.7 
2.8 

9.9 
2.9 

16.9 

1.8 

14.2 
0.2 

0.1 

1.0 

1.7 
1.4 

9.2 
3- 0 

2- 9 
3.2 

4.8 
4.0 

4.5 

6 -  5 

0.7 
3- 1 

3.1 
2.2 

4.2 

1.7 
2 . 3  
2.3 
4.8 

3.8 
1.7 
1.0 

0.6 
2.6 

6 . 3  
1.6 

12.3 

7.2 

0 . 3  

c 
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The Native Fluorescence o f  S o i l s  

A lf&suspension (w/v) o f  s o i l  was made i n  0.2 M T r i s  HCI b u f f e r  (pH 7.6) 

and the suspension was shaken for  1 hour a t  r o o m  temperature. The s o i l  suspensions 

were centr i fuged and the undi luted supernatants were examined f o r  f luorescence 

i n  an Aminco-8owman Spectrofluormeter. 

The na t ive  fluorescence o f  s o i l  was f i r s t  determined using 500 mp and 

520 mp as the e x c i t a t i o n  and emission wavelengths respect ive ly  (corresponding 

to f luoresce in  fluorescence). 

f luorescence a t  the e x c i t a t i o n  and emission wavelengths c h a r a c t e r i s t i c  o f  

X-naphthol were determined (336 m p  and 460 mp respect ively) .  

was standardized using known concentrat ions o f  f luoresce in  and oC-naphthol and 

the na t ive  s o i l  f luorescence was converted t o  concentrat ion ( f luoresce in  and 

Sodium hydroxide was then added and the 

The Aminco-Bowman 

&-naphthol equi lva lents)  by r e l a t i n g  the r e l a t i v e  fluorescence o f  the s o i l  super- 

natants t o  the r e l a t i v e  fluorescence o f  the appropr iate standards. 



Appendix D 

Nat ive Fluorescence o f  Soi l  

Soi 1 

LL 
A 

B 

C 
D 

E 
F 

G 
I 

J 

K 

L 

M 

N 

s1 

s3 
s4 

s5 
S8 

s9 
S I 0  

SI 1 
SI2 

s13 
T1 

T2 

T3 
T4 

* 

6 

MCIM* Soi 1 

Fluorescein d-Naphthol 

MUM 

F1 uorescei n <-Naphthol 

0.04 

0.008 

0.034 

0.003 

0.001 

0.001 

0.004 

0.001 

<o. 001 

0.006 

0.008 

0.001 

0.002 

0.001 

0.003 

<o. 001 

<o. 001 

<o. 001 

CO. 001 

<o. 001 

0.001 

<o. 001 

<o. 001 

<o. 001 

0.06 

0.033 
0.027 

0.010 

0. Jro 
0.59 

0 -  57 
0.36 

0.21 

0.23 

0.09 
0.04 

0.02 

0.23 

0.16 
0.25 

0.12 

0.26 

0.45 
0.06 
0.08 

0.04 

0.06 

0. w 
0.03 

0.12 

0.04 

0.03 

0.38 

0.13 

0.14 

0. I 4  

T5 
T6 

T7 

T8 

T9 
T I  0 

T12 

T I 3  
T14 

T I 5  
~ 1 6  

T17 

T18 

T I 9  
T2 0 

T2 1 

T22 

l-2 3 
T2 4 

T2 5 
~ 2 6  

T27 

~2 8 
~ 2 9  

T30 

T31 

0.010 

0.01 0 

0.068 
0.010 

0.005 

0.006 

0.01 3 

0.033 

0.010 

0.006 

0.005 
0.01 5 
0.01 1 

0.040 

0.005 
0.01 3 
0.006 

0.006 

0.004 

0.005 
0.012 

0.085 
0.022 

0.399 
0.030 
0.01 0 

0.27 

0.16 
0.27 

0.20 

0.14 
0.12 

0.27 

0.15 
0.11 

0.24 

0.17 
0.06 
0.17 
0.12 

0.08 

0.14 

0.11 

0.22 

0.15 

0. 16 

0.10 

0.16 

0.23 

0.23 

0.32 

0.32 
- 
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Appendix E 

Effect o f  Ions on the Fluorescence of <-Naphthol 

The following additions were made in a total volume o f  4 ml: 12 rnpmles 

<-naphthol, 200 W l e s  Tris HCI, pH 7.6, and the indicated ion so as to 

obtain the desired molar concentratlon. After IO minutes, 0.3 ml 1 N sodium 

hydroxide was added and the fluorescence ofd-naphthol was determined i n  a 

Turner F 1 uorome te r . 

c 

. 



. 

Addition 

MgC12 

Fe"4 (so4 l2 
MnS04 

COS04 

cuso4 

HSC 12 

UO2(AcI2 

A I  (NO3I3 

H BO 
3 3  

CdCI2 

NH4 C 1 

Na2Mo04 

CaC12 

Z "SO4 

Na2HAS04 

Na c i t r a t e  3 
KH Po 2 9  
BeCI, 

Appendix E 

Ef fect  of Ions on o(-Naph tho1 FI uorescence 

5 x 10-2 

1.2 

0 

0.1 

0 

0 

0 

0 

0 

1 . 1  

0 

1.7 

2 . 8  

3.0 

0 

3.1 

3.1 

3-2 

0 
L 

0 0 . 1 2 5 ~  0 . 2 5 ~  0 . 5 M  I . 2 5 ~  2 . 5 ~  

, 



Appendix F 

The Fractionation of Soil Phosphatase Activity 

Soi l s  were separated i n t o  two fractions: the "so i l  supernatant fractiont'  

(in reality a soil suspension) and a "residual s o i l  fraction" ( t h a t  f rac t ion  

of soil which se t t l ed  out i n  10 minutes). 

The following procedure was employed t o  i s o l a t e  the fractions:  so i l  was 

suspended in 0.2 M buffer (Tris HC1, pH 7.6, i n  all cases except soil P which 

was suspended i n  acetate  buffer, pH 5.6) at  two times the  desired f i n a l  

concentration t o  be used in the reaction mixtures. 

was shaken on a rotary shaker fo r  1 hour a t  room temperature. 

buffer mixture was then poured i n t o  conical. centrifuge tubes and allowed to 

stand for 10 minutes. 

out leaving a turbid suspension (designated as the soil supernatant) which 

contained f ine  soil par t i c l e s  and bacteria,  many of which were motile, and 

hence judged viable. The soil supernatant was decanted and the  residual soil 

was brought up t o  volume so that  t he  f i n a l  concentration of residual soil was 

two times the  desired f i n a l  concentration t o  be used i n  the  reaction mixtures, 

One m l  of each fract ion was used as the  source of phosphatase. 

Table I contains the  data obtained i n  these experiments. 

The soil-buffer mixture 

The soil- 

After 10 minutes, the coarse par t ic les  had s e t t l e d  

Table I1 

contains d i r ec t  counts of the  s o i l  supernatant fraction. 

. 
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Appendix F 

Table I 

soi 1 

LL 

A 

B 

E 

P 

The Frac 

Condit ions 

Compl e te  

s u b s t r a t e  

ionat ion o f  S o i l  Pho phata 

soi 1 
Supernatant 

6.0 

4.9 
sot 1 f r ac t i on  0.9 

A +o. 2 

Comp 1 e t e  5.7 
subs t ra te  2- 9 
soi 1 f r ac t i on  1.9 

4 +o. 9 

Comp 1 e t e  6.8 

subs t r a  t e  5.7 
so! 1 f r ac t i on  1 * 3  

D 0 

Complete 6.9 
subs t ra te  5.5 
s o i l  f r ac t i on  1 .o 

n +o. 4 

Comp 1 e te  6.5 
subs t ra te  5.7 
soi  1 f r a c t i o n  0.6 

D +o. 2 

e A c t i v i t y  

F r a c t i o n  

Res I dua 1 
Sol 1 

89 9 
4.9 
0.9 

+3.1 

14.3 
29 9 
1 . h  

+10.0 

9.2 
5.8 
0-7 

+2.7 

9.7 
5.6 
0.5 

+3.6 

7.6 
5- 7 
0 . 3  

+ I  .6 

Un t rea ted 
Sol 1 

9.0 
4.9 
0- 9 

+3.2 

12.4 

3.1 
1.7 

+7.6 

10.7 

5.6 
1.1 

+3.0 

10.2 

5.4 
0.9 

+3- 9 

8.5 
5.4 
0.5 

+2.6 



Appendix F 

Table I I 

D i rec t  Counts of Sol1 Supernatant Fractions 

Sol 1 

LL 

A 

B 

E 

P 

Bact/lO mg Soil 

3 107 

7 107 

5 107 

2 x 106 

6 9 x IO 



Appendix G 

Factors In f luenc ing  Peptidase A c t i v i t y  

F lq.  1: E f f e c t  o f  pH on Peptidase A c t i v i t y  

The fo l lowing addi t ions were made I n  a t o t a l  volume o f  2 m l :  2 pmoles 

L-leucyl-1-naphthylamide; 200 pmoles T r i s  acetate b u f f e r  a t  the ind icated pH; 

200 mgs LL so i l .  A l l  subsequent condi t ions i den t i ca l  t o  the phosphatase assay 

except tha t  no NaOH was added t o  the d i l u t e d  centr i fuged reac t ion  mixtures. 

The data represents net  change a f t e r  co r rec t i on  f o r  f luorescence a r i s i n g  i n  

the contro ls .  

F i q .  2: E f f e c t  o f  Substrate Concentrat ion 

The condi t ions were i den t i ca l  as those i n  Fig. 1 except t ha t  the 

reac t ion  mixtures were buf fered a t  pH 8, and the substrate concentrat ion was 

varied. The peak a t  0.001 M has not been invest igated. 

F iq.  3: The E f fec t  o f  So i l  

The condi t ions were i den t i ca l  t o  those used i n  Fig. 1 except t ha t  the 

reac t ion  mixtures were buf fered a t  pH 8, and the s o i l  concentrat ion was varied. 

F iq .  4: Fluorometric T i t r a t i o n  o f  P-Naphthylamine 

0.5 mpole@-naphthylamine was dissolved i n  0.1 M T r i s  acetate b u f f e r  

a t  the ind icated pH. The fluorescence was determined i n  a Model 1 1 1  Turner 

Fluorometer, using a 7-60 e x c i t a t i o n  f i l t e r  and a 47 B f i l t e r  f o r  i s o l a t i n g  

the emi t ted l i g h t .  
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Fig 1: Effect of pH on P e p t i d a s e  activity 
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Fig  2 :  E f fec t  o f  S u b s t r a t e  Concent ra t ion  
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0.002 0.004 0.006 0.008 0.01M 

(L- l eucy l -9  -naphthylamide)  
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Fig.4: Fluorometric Titration of -naphthylamine 
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F i g .  3 :  Ef fec t  o f  So i l  Concentration 
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Appendix J 

Peptidase Activity of Pure Cultures 

0 r g an ism 

5. s u b t i l i s ,  BSl9 

A. f e c a l i s  

S. l u t ea  

2. 5 

71 

0 

+&-I:aphthol +d/l!aphthylamine 
( i n  qmoles)  ( i n  nyrmoles) 

0.8 

93 

78 

The organisms were grown m trypticase droth f o r  24 hours. The c e l l s  

were harvested by centrifugation, washed three times with 0.89 sa l ine  and 

resuspended in 0.85s sa l ine  t o  yield a bacter ia l  population of 2.5 x 107 ce l l s  

per m l  of reaction mixture. 

The assays were carr ied out i n  standard reaction condition as previously 

described. The changes represent net changes, corrected f o r  fluorescence a r i s ing  

i n  controls. 

4 



Addi t ions 

Soil  LL 
complete 

s u b s t r a t e  

s o i l  f r a c t i o n  

d MpM/lO mg/hr 

Soi l  A 

complete 

subs t ra te  

s o i l  f r a c t i o n  

A 

Soi l  B 

comp 1 e t e  

subs t ra te  

s o i  1 f r a c t i o n  

D 

Soi l  C 

compl e t e  

subs t ra te  

s o i l  f r ac t i on  

d 

Appendix I 

l o c a l i z a t i o n  o f  Pept idase A c t i v i t y  

Sol 1 Fract ion 

Soi I Soi 1 Untreated 
Supernatant Res I due Soi 1 

2 . 3  3- 4 4.8 
1.5 0.7 1.4 

0- 3 0 . 3  0 . 3  

+o. 3 + I  .2 +1.5 

4.0 

3.4 
0 . 3  

+o. 3 

5.1 
3.9 
0 . 4  

+o. a 

3.8 
1.7 
0.6 

+o. 8 

3- 5 
1.5 
0.3 

t l . 7  

7 -  8 
1.9 
0.4 

+5* 5 

+6.6 

5.8 
3 . 3  
0.4 

+2.1 

11.1 

4.1 
0.4 

+6.6 

17.6 

0.6 

+7.4 

1.9 



Soi 1 

T3  
T4 

T5 
T6 

T7 
T8  

T 9  
T I 0  

Appendix H (cont i nued) 

+ I d r n m l e s  

,: -naphthylamine 
n 

10 rng soil 

2.1 

4.1 

3-9 
2.6 

5.4 
2.5 
3- 4 
3- 9 

a 
Phosphatase A c t i v i t y  

Peptidase A c t i v i t y  

6.9 
0- 3 
4.1 

59 1 
2.1 

8.1 
3.9 
3- 4 

a. 

b. 

c. Phosphatase a c t i v i t y  determined i n  d i s t i l l e d  water 

Phosphatase a c t i v i t y  determined a t  pH 7.6 
Phosphatase a c t i v i t y  determined a t  pH 5.6 



Soi 1 

LL 

A 

B 
C 

D 

E 

F 

G 
H 

I 
J 

K 
L 

M 

N 

0 

P 

SI 
52 

s3 
s 4  
s5 
s8 

S 9  
SI 3 
T I  

T2 

Appendix H 

The D i s t r i b u t i o n  o f  Peptidase A c t i v i t y  i n  So i l  

+ A mpmoles 
p - naph thy1 am i ne 

IO mg s o i l  

0.7 
2.0 

1.8 
4 . 9  
1 . 4  
6.1 
0 

0.2 

2.3 
0 

3 . 8  
1 . 1  

0.5 
2.4 

5.8 
3 .4  
0.2 

0.3 
0.5 
0.05 

0.05 

1.5 
0.05 

0.2 

1.2 

1.6 

0 

a Phosphatase A c t i v i t y  
Peptidase A c t i v i t y  

4 . 3  
5.9 
I .6  

1 3 . 1  
6.6 
0.6 

32 
1 .6b 

4 . 3  
5.9 
1.8 

7- 3 
0.7 
1 * 7  
2.5 
1 .oc 

- 
1 8b 

0.3 
12c 

10 

3- 3 
2 -  9 
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